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EgyptAbstract The present study sheds light on the growth pattern of the elephant snout fish (Mormyrus
kannume, Mormyridae) in the Damietta branch of the Nile during the period from January to
December 2010. This is done through studying the biometric characters, length–weight relationship,
condition factors, growth performance index as well as the natural mortality. The linear regression
for 15 morphometric characters in total length and 4 morphometric characters in head length was
applied. The higher coefficient of the characters’ determinations which fit best was also applied.
Five meristic characters were determined (dorsal fin rays, 49–69; pectoral fin rays, 12–15; ventral
fin rays, 6; anal fin rays, 17–21 and vertebrae, 49–52). Fish length varied between 14.0 cm and
43.0 cm TL with a modal length range from 19 to 22 cm representing 61.36% of the fish sample.
A length–weight relationship using the total weight was found to be LogW= 2.2218
+ 3.063LogL (R2 = 0.997) and using the gutted weight was LogW= 2.1549 + 3.003LogL
(R2 = 0.995) hence exhibiting isometric growth. The average condition factors for different lengths
were 0.76 ± 0.06. The chi-square of the overall sex ratio (male:female = 1:0.42) was significant at
P< 0.01. The life span of this species is five years, with individuals of two years of age dominating
the population. The different growth parameters were estimated at (K= 0.141, to = 0.271,
L1= 80.65 cm, W1= 4151 g, UL = 2.96 and UW= 1.56). The natural mortality was 0.34, the
M/K ratio was 2.38 and the variation of M by age model was also computed.
 2016 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Contents
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Mormyrids are endemic in African Rivers and are represented
by about 208 species, which belong to 18 genera (Gosse, 1984;
Chapman and Hulen, 2001). Twenty species are related to
genus Mormyrus, but only 4 of them are present in the Nile
of Egypt (Bishai and Khalil, 1997). The elephant snout fish,
Mormyrus kannume is the only species found downstream in
the Nile after the construction of the High Dam in 1969 in
Aswan, Egypt (Mekkawy and Hassan, 2012). It was described
among the most economically important species (Bishai and
Khalil, 1997).
M. kannume is widely distributed in Africa; it is found in
Uganda, Nigeria, Blue Nile and Lake Victoria, Lake Kyoga,
Lake Albert, Lakes Edwards and George, Tana River, Athi
River and Northern Guaso Nyiro River (Scott, 1974; Bishai
and Khalil, 1997; Fawole, 2002). It appears to be found more
frequently in Lake Nubia; wherein the largest specimen ever
caught had reached 130 cm in length (Latif, 1974).
In Egypt, M. kannume is a rare species in the commercial
catch (Bishai and Khalil, 1997; Khallaf and Authman, 2010,
2012) but it is marketable when caught (Bishai and Khalil,
1997). M. kannume is commonly named in Egypt as Anomah
Umm Baouez (Fig. 1). The main catch of Damietta Branch
of the Nile is composed of tilapias (Oreochromis spp. and Tila-
pia zillii), as well as some other species such as Chrysichthys
spp.,M. kannume, Bagrus spp., Clarias spp., Synodontis schall,
Labeo niloticus, Lates niloticus, Malapterurus electricus, Cypri-
nus spp. and Gambusia affinis (Ragheb, 2014).
Some reported work revolved around length–weight, condi-
tion factor, age and growth performance index ofM. kannume;Figure 1 Mormyrus kannume.from these we mention El-Etreby (1985) in Lake Nasser, Aly
(1993) of the High Dam reservoir, Soliman (1994) in the River
Nile at Sohag, Ahmed (2007) in the Nile at Assiut and Khallaf
and Authman (2010) from Bahr Shebeen Nilotic Canal, Egypt.
Due to the rarity of scientific information on M. kannume
in the Egyptian sector of the Nile, especially at Damietta
branch, the present study aims at providing information on
the growth pattern of the fish at an estimation of the biometric
characters, length–weight relationship, coefficient of condition,
growth performance index as well as the length frequency, sex
ratio and natural mortality of the species under study.Materials and methods
The catch of M. kannume was collected from commercial fish-
eries of the Nile from Damietta Branch (Fig. 2). M. kannume
were caught by professional fishermen mostly using basket
traps but rarely by gill nets and spears during the period from
January to December, 2010.
The samples of M. kannume were freshly examined in the
laboratory and sexually differentiated. Total length (TL) in
cm as well as total weight (Twt) and gutted weight (Gwt) in
grams of each fish were recorded. Vertebrae were carefully
removed.
The morphometric measurements of 88 specimens of M.
kannume were taken to the nearest mm (length range 14.0–
43.0 cm TL). The morphometric measurements ofM. kannume
viz: forked length (FL), standard length (SL), head length
(HL), pre-dorsal length, (PrD) pre-pectoral length (PrP), pre-
ventral length (PrV), pre-anal length (PrA), dorsal fin base
length (DL), anal fin base length (AL), pectoral fin length
(PL), ventral fin length (VL), caudal fin length (CL), head
depth (HD), body depth (BD), caudal peduncle depth (CD)
and body girth (BG) all related to total length. Other morpho-
metric measurements (pre-orbital length (PrO), postorbital
length (PoO), inter-orbital width (IO) and eye diameter
(ED)) related to head length.
For different morphometric measurements, the linear
regression formula was applied: Y= a+ b X, where Y is the
variable morphometric character, X is the independent charac-
ter (total length or head length) and a and b are constants
whose values could be determined by the least square method.
The morphometric index of each morphometric character
was calculated as the percentage of total length or head length.
Figure 2 Maps showing the River Nile in Egypt (a), and the sampling site (Damietta branch of the River Nile) (b).
Growth pattern and natural mortality of elephant fishes 163Five meristic characters were done for the M. kannume.
These are the number of rays in dorsal, pectoral, ventral and
anal fins as well as the number of vertebrae.
The length–weight relationship was estimated by the ordi-
nary least squares regression using a Log-transformed equa-
tion: LogW= Loga+ bLogL (Le Cren, 1951), where W
and L are weight in grams and total length in cm of the fish
respectively and a and b are constants.
Condition factor or coefficient of condition (K) was calcu-
lated by the cube law: K= 100W/L3 (Le Cren, 1951), where
W is the weight in grams and L is the total length of fish in cm.
In the present work, the gutted weight was used instead of
the total weight in the calculation of the condition factor in
order to exclude the effect of the stomach contents and the
weight of gonads (Lagler, 1956; Ricker, 1975).
Age was determined by reading the vertebrae under the
reflected light of a binocular at a magnification of X32. The
relationship between vertebrae radius (VR) and total length
(TL) was determined using the least square method: TL = a
+ b (VR). The value of intercept (a) was used as a correction
factor for back-calculated lengths at the end of each year of life
from vertebrae measurements by Lee’s equation (Lee, 1920).
The model of von-Bertalanffy, developed by Beverton and
Holt (1957) was used to describe the theoretical growth forM.
kannume. Estimation of the parameters L1, K, to was calcu-
lated by Gulland’s method (Gulland, 1965) where L1= -
asymptotic length in cm, K= growth coefficient and
t= the theoretical age when fish would have been at zero
total length.
The growth performance index (U) was computed accord-
ing to the equations of Moreau et al. (1986) as:
UL = LogK+ 2LogL1 and Uwt = LogK+ 2/3LogW1
where K, L1, W1 are the von-Bertalanffy parameters.
The natural mortality coefficient (M) was computed by
applying the empirical equation developed by Pauly (1980):
M= 0.0152–0.279 Ln L1+ 0.6543 ln K+ 0.463 Ln T,
using the growth parameters and the annual mean water tem-
perature 22 C in which the stock lives. The calculated natural
mortality coefficient was ascertained using the ratio of M/K
where M= natural mortality and K= growth coefficient.
Beverton and Holt (1957) pointed that the ratio of M/K lies
between 1.12 and 2.5 for different fish species. The variationof natural mortality with age was computed using vender of
M by age as shown by Abella et al. (1997, 1998).Results
Biometric analysis
a. Morphometric studies
The Morphometric indices ± SD and the linear regression
parameters for various morphometric measurements are
shown in (Table 1). The higher coefficients of determination
[R2] show that the regression equations are best fitting for
the morphometric characters.
b. Meristic characters
The range of dorsal fin rays 49–69 (mean 61.67 ± 3.56), pec-
toral fin rays 12–15 (mean 13.87 ± 0.56), and ventral fin rays
6, anal fin rays 17–21 (mean 18.75 ± 0.71) and vertebrae 49–
52 (mean 50.78 ± 2.12) were estimated.Length frequency
The length frequency distribution of the examined sample of
M. kannume is graphically represented in (Fig. 3). It is clear
that the fish lengths varied between 14 and 43 cm having an
average length of 22.85 cm, and 19 to 22 cm representing
61.36% of fish number.Length–weight relationship
For M. kannume the observed mean of the total and gutted
weights (g) of different lengths (cm) for combined sexes is
given in (Table 2) and graphically represented in (Fig. 4).
The equations of the length–weight relationships using total
and gutted weights for the M. kannume were as:
LogW= 2.2218 + 3.063 LogL (R2 = 0.997) and
LogW= 2.1549 + 3.003 LogL (R2 = 0.995) respectively.
The value of b (=3.0) shows a pattern of isometric growth
in Damietta branch of the Nile.
Table 1 Morphometric indices and linear regression parameters for various morphometric measurements of Mormyrus kannume in
the Damietta branch of the Nile, Egypt during the period from January to December 2010.
Morphometric Morphometric indices Morphometric regression parameters
Characters Mean ± SD a b R2
I – In total length
S.L 92.36 ± 1.16 0.1844 0.8600 1.00
F.L 86.85 ± 0.98 0.6463 0.8942 1.00
H.L 20.49 ± 1.00 0.1428 0.1990 0.98
Pr.D 38.54 ± 1.26 0.2819 0.3724 0.99
Pr.P 20.14 ± 0.88 0.3342 0.1861 0.99
Pr.V 36.98 ± 1.42 0.1889 0.3613 0.98
Pr.A 54.21 ± 1.51 0.1471 0.5354 0.99
D.L 44.69 ± 1.85 0.5543 0.4716 0.99
A.L 10.14 ± 0.78 0.0171 0.1022 0.95
P.L 14.31 ± 0.69 0.0111 0.1423 0.98
V.L 10.02 ± 0.46 0.0976 0.0956 0.98
H.D 15.60 ± 0.76 0.1534 0.1490 0.98
B.D 23.43 ± 1.48 0.4200 0.2538 0.97
C.D 5.52 ± 0.46 0.1438 0.0617 0.95
B.G 58.27 ± 2.68 0.8201 0.6201 0.98
II – In head length
Pr.O 45.21 ± 3.08 0.1000 0.4744 0.96
Po.O 48.02 ± 3.91 0.4480 0.5736 0.97
I.O 22.02 ± 2.57 0.1309 0.1907 0.94
E.D 12.91 ± 1.85 0.2409 0.0791 0.84
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Figure 3 Length frequency of Mormyrus kannume in the Damietta branch of the Nile, Egypt during the period from January to
December 2010.
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Figure 4 Relationship between: a – total length and total weight b – total length and gutted weight of Mormyrus kannume in the
Damietta branch of the Nile, Egypt during the period from January to December 2010.
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Table 2 Lengths, weights, coefficient of condition (K) and sex ratio forMormyrus kannume in the Damietta branch of the Nile, Egypt
during the period from January to December 2010.
Length range Mean length No. Total weight Gutted weight Condition factor Sex ratio
(cm) (cm) (gm) (gm) (K) F: M
13–14 13.9 3 22 19 0.69 0.50:1.00
15–16 15.2 3 29 31 0.81 2.00:1:00
17–18 18.2 4 51 46 0.76 1.00:1:00
19–20 19.6 23 64 59 0.78 0.21:1:00
21–22 21.4 31 80 74 0.75 0.24:1:00
23–24 23.3 8 101 93 0.71 0.33:1:00
25–26 25.1 2 144 132 0.84 0.00:1:00
27–28 27.0 1 167 156 0.79 0.00:1:00
29–30 28.7 2 205 183 0.78 1.00:1:00
31–32 31.9 2 258 228 0.73 1.00:1:00
33–34 33.9 1 307 269 0.69 1.00:0.00
35–36 35.5 1 442 375 0.84 1.00:0.00
37–38 36.8 3 444 400 0.80 2.00:1:00
39–40 40.2 1 599 541 0.83 0.00:1:00
41–42 41.7 2 615 548 0.75 1.00:0.00
43–44 42.6 1 656 584 0.76 1.00:0.00
Total 88 0.42:1.00
Mean 0.76
SD± 0.06
Growth pattern and natural mortality of elephant fishes 165Coefficient of condition
The average ‘‘K” values for different lengths are listed in
(Table 2). The values of ‘‘K” for the combined sexes were
found to fluctuate between 0.69 and 0.84 with an average value
of 0.76 ± 0.06.
Sex ratio
As a general rule the male ofM. kannume dominates in smaller
length groups (628 cm TL) at length of 41 cm in a population
completely composed of females. Generally, the overall sex
ratio (male:female) was 1.00:0.42 for M. kannume (Table 2).
Chi-square test was significant (X2 = 14.77; df = 1;
P< 0.01).
Age and growth
Vertebral radii were found to be directly proportional and
highly correlated with the total lengths of the M. kannume,
they were as follows: L= 1.3687 + 3.1726 VR (R2 = 0.99).
The longevity ofM. kannume was estimated to be five years
and age group II dominating the population. The back-Table 3 Back calculated length, theoretical growth length and natu
kannume in the Damietta branch of the Nile, Egypt during the perio
Age No. Back calculated length
I 8 13.09
II 65 20.84
III 7 30.02
IV 5 37.50
V 3 42.20calculated lengths at the end of each year of life for combined
sexes were 13.09, 20.84, 30.02, 37.50 and 42.20 respectively
(Table 3). The fish belonging to this species gains 31.02% of
its final growth at the first year of age. After that, the fish gains
18.36%, 21.75%, 17.73% and 11.14% of its final growth by
second, third, fourth and fifth year of life, respectively.
The von Bertalanffy growth parameters are given in
(Table 4) and the equations for length and weight are as
follow:
Lt = 80.65[1e0.141(t+0.271)] and
Wt = 4151.00[1–e
0.141(t+0.271)]3.063
Growth performance index
The growth pattern determined by the growth performance
index (U) was: UL = 2.96, UW = 1.56 (Table 4).
Natural mortality
The natural mortality (M) was estimated using Pauly’s
equation (1980) and the results showed that M= 0.34. The
ratio ofM/K was 2.38. The vender of M by age model showed
a high M in those at a younger age (M= 1.45 at 0.25 yr) and aral mortality at different years of life (M-at-age) for Mormyrus
d from January to December 2010.
Theoretical growth length M-at-age
13.2 0.60
22.1 0.46
29.8 0.41
36.5 0.39
42.3 0.38
Table 4 Estimated parameters for Mormyrus kannume in the Damietta branch of the Nile, Egypt during the period from January to
December 2010.
Parameters Values Parameters Values
Mean length ‘‘L‘” 22.85 cm K 0.141
Lmin. 14.00 cm L1 80.65 cm
Lmax. 43.00 cm to 0.271
L-WT parameters: W1 4151 g
a and b in total weight 0.007 and 3.063 UL 2.96
a and b in gutted weight 0.008 and 3.003 UW 1.56
VR-L parameters:
a 1.3687 M 0.34
b 3.1726 M/K 2.38
Condition factor ‘‘K” 0.76 ± 0.06
Sex ratio ‘‘$:#” 0.42:1.00 Temp. 22 C
Longevity of fish 5 yr
166 E. Raghebslight variation in the older individuals from M= 0.60 at
1.0 yr to M= 0.38 at 5.0 yr (Table 3).Discussion
M. kannume was considered as one of the most valuable fishery
resources in the Nile. The acute reduction of M. kannume has
been mentioned in the commercial catch in Damietta branch of
the Nile, although there is a continuously successful fishery in
the region. Khallaf and Authman (2010) showed that the lim-
ited abundance ofM. kannume in delta area may be attributed
to three reasons: the loss of flood clay or silt after building the
Aswan High Dam, the pollution inflicted by domestic sewage
and agro-chemical, as well as the high numbers of fishermen
and boats in the Nile and their tributaries without official per-
mission and regular control. On the other hand, Nzeh and
Lawal (2012) showed that the absence of spines inM. kannume
is what makes them difficult to capture in nets. Also,
Achionye-Nzeh (1996, 2010) and Nzeh and Lawal (2012) elab-
orated that it may be due to the presence of electric organs on
each side of the terminal portion of the tail that give off weak
electric shocks; enough to surprise an unsuspecting person that
picks the fish up. In the present study, the author showed that
the rarity of M. kannume may also be due to the used fishingTable 5 Estimated length–weight parameters and coefficient of cond
Egypt obtained by various authors.
Author Location
In Standard length
El-Etreby (1985) Lake Nasser
Aly (1993) High Dam reservoir
Ahmed (2007) Nile at Assiut
Present study Damietta branch of Nile
In total length
Soliman (1994) Nile at Sohag
Khallaf and Authman (2010) Bahr Shebeen Nilotic Canal
Present study
a – In total weight Damietta branch of Nile
b – In gutted weightgears which are mainly directed at fishing tilapias hence mak-
ing it hard to capture gill nets.M. kannume, on the other hand,
were mainly caught by basket traps. The fishermen in the area
under study leave basket traps in the water for seven days, thus
harming some fishes and reducing the quantity of the caught
species.
The biometric analysis, including the meristic and morpho-
metric characters, is an important tool in taxonomic studies
and is essential in clarifying the identity of any fish species
(John and Lythgae, 1975). It is also necessary in fisheries’ man-
agement to identify the species concerned before one can
understand the effect of its exploitation and try to recommend
the suitable action to manage the resources (Bishai and Khalil,
1997); it can also attribute to the growth rate (Adedeji and
Araoye, 2006).
In the present study, higher coefficients of determination
(R2) showed that linear equations best fit the morphometric
characters. Unfortunately, published work on the biometric
of M. kannume are completely lacking due to minimal
knowledge.
The length–weight relationship of M. kannume reflected an
increase in weight with a corresponding increase in length. The
value of the regression of the coefficient (b) is approximately 3
suggesting isometric growth in Damietta branch of the Nile
(Bagenal and Tesch, 1978; Wootton, 1990; Fry, 1993 andition (K) forMormyrus kannume in different regions of the Nile,
a b R2 Condition factor
0.037 2.655 1.52
0.013 2.938 0.992 1.07
0.020 2.802 0.960 0.99
1.17
0.012 2.934 0.998 0.97
0.007 3.033 0.998 0.78
0.006 3.063 0.997
0.007 3.002 0.995 0.76
Table 6 Estimated growth parameters and natural mortality for Mormyrus kannume in different regions of the Nile, Egypt obtained
by various authors.
Author Location K L1 to W1 UL UW M
El-Etreby (1985) Lake Nasser 0.061 156.26 1.137 24927 3.17 1.72 0.16
Aly (1993) High Dam reservoir 0.147 96.10 0.029 8482* 3.13 1.79* 0.32
Ahmed (2007) Nile at Assiut 0.148 67.94 0.836 2683* 2.83 1.46* 0.35
Khallaf and Authman (2010) Bahr Shebeen Nilotic Canal 0.100 79.67 1.634 6050 2.80 1.52 0.27
Present study Damietta branch of Nile 0.141 80.65 0.271 4151 2.96 1.56 0.34
* Calculated by Khallaf and Authman (2010).
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Tesch (1978), the value of parameter b does not generally vary
significantly throughout the year; unlike parameter ‘‘a” which
may vary seasonally or even daily in different habitats (Can
et al., 2002). Since the values of length–weight constants (a
and b) vary within wide limits for very similar data (Table 5),
it is preferable to compare the present data with others using
calculated weights for the same length range. By doing so, it
was revealed that those in the present study were lighter than
those from all previous studies for all lengths in different
regions of the Nile. The variations of weight at different
regions are mainly attributed to water temperature and food
availability.
The condition factor of M. kannume showed no particular
trend with length. This finding was in a broad agreement with
those reported by Ahmed (2007), as well as the mean value of
condition factor that was closely related to Aly (1993) and
Khallaf and Authman (2010).
The sex ratio of M. kannume showed a preponderance of
males over females (1:0.42) which is a good strategy to prevent
overpopulation (Nzeh and Lawal, 2012). This agrees with
Mekkawy and Hassan (2012), 1:0.84 in the Nile at Assiut
and Khallaf and Authman (2010), 1:0.87 in Bahr Shebeen
Nilotic Canal. Conover and Kynard (1981) showed the possi-
bility of temperature’s effect on the sex ratio of developing fish
embryo. Khallaf and Authman (2010) mentioned that the pat-
terns of variations between the populations of M. kannume
reflect time and locality factors and refer to the action of nat-
ural selection on the overall sex ratio.
Longevity ofM. kannume varies for different localities. The
maximum recorded age was 10 years at 71.50 cm SL from
Lake Nasser El-Etreby (1985), 8 years at 45.95 cm SL from
Bahr Shebeen Nilotic Canal, Egypt (Khallaf and Authman,
2010), 7 years at 61.99 cm SL from the High Dam reservoir
(Aly, 1993), 6 years at 41.99 cm SL in the Nile at Assiut
(Ahmed, 2007) and 5 years at 36.45 cm SL in the present study
in the Damietta branch of the Nile.
The lengths-at-age data in the present study point to a
slower growth rate forM. kannume in comparison to the same
species from different regions in the Nile. This may be due to
different food abundance or the difference in size composition
of the stock (Naish et al., 1991).
The differences in growth rates between sites and methods
were compared using Pauly’s growth performance index (U)
(Moreau et al., 1986) because the growth parameters K and
L1 strongly correlated with each other (Sparre et al., 1989.
Table 6 shows the estimated K, L1, to, W1, UL, UW and M
from different regions of the Nile. It is stated in Table 6 that
the value of growth performance in the present study is nearlyclose to that given by El-Etreby (1985) for Lake Nasser and
Aly (1993) for the High Dam reservoir.
The natural mortality of M. kannume in the present study
was 0.34. The results obtained closely agree with those given
by Aly (1993) in the High Dam reservoir (M= 0.32) and
Ahmed (2007) from the Nile at Assiut (M= 0.35) forM. kan-
nume (Table 6).
The variation of natural mortality by age showed a high M
at younger age which may be due to both density dependent
processes and predation pressure. After the second year of
age, a slight variation was estimated. It might have been due
to self-protection by the electric organs.Conflict of interest
The author confirms that there is no conflict of interest.References
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